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The purpose of this study was to examine the effectiveness of African art to teach 
geometric concepts and skills to African American students. Specifically, the study 
sought to determine if there was a significant difference between the performance of 
students enrolled in the two geometry classes and in geometry achievement and 
mathematics attitude. Two intact informal geometry classes who were performing below 
grade level on the basis of norms as established by the ITBS-M scores administered in 
the spring were selected for the study. Student gains between pretest scores and posttest 
scores on a geometry achievement test and a student attitude survey were analyzed using 
a two-tailed t-test for independent samples. The nonequivalent pretest-posttest control 
group design was used to test group differences between the control group and treatment 
group. 
l 
This study found that there was a significant difference between the pretest and 
posttest scores of the treatment group and control group on the IGAT. There was 
however, no significant difference between the groups in attitude toward mathematics. 
The treatment group did show the more improved attitudes toward mathematics than did 
the control group. 
This study concluded that for this urban group of African American high school 
students the use of African art activities and materials was a more effective instructional 
method in developing students’ achievement levels in geometry. Further, the findings 
suggested that this culturally based approach helped sustain and reinforce students’ 
positive attitudes towards mathematics. 
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Even though our very environment speaks of shapes and spaces, students 
continue to have difficulty grasping geometric insights and understandings as an effective 
means of posing and solving problems. A major issue in mathematics education is that 
the traditional approach to teaching geometric understandings does not culturally support 
or stimulate geometric thinking to produce satisfactory levels of performance for African 
American students. 
Leaders in mathematics education are calling for major reform in what is 
valued in mathematics curriculum and instruction in the roles of teachers and students 
and in the culture of the classroom. They are beginning to embark upon a program to 
reach all students. 
Students should have numerous and varied experiences related to the cultural, 
historical and scientific evolution of mathematics. And educators are 
beginning to recognize the value of infusing mathematics with the 
achievements of world cultures, to “multiculturalize the curriculum” (NCTM 
1991, p. 5). 
And educators are beginning to recognize the value of infusing mathematics 




The NCTM Standards (1990) have been designed to empower all students to leam 
mathematics, but to accomplish this goal, teachers must design instruction that helps 
students to reason mathematically. 
In the African American Baseline Essays there is a clear statement that the 
African contribution to mathematics is fundamental, extensive, and relatively unknown in 
our nation’s schools. Mathematics teaching can be enlivened, and mathematics anxiety 
reduced by the introduction of historical and cultural topics in the classroom. The use of 
history shows that mathematics is a human subject, developed to meet human needs. 
(African American Baseline Essays, 1988, p. M-l) 
This study examined the impact of geometric representations in African art as an 
approach to developing geometric concepts on the geometry achievement and attitudes of 
African American students. 
Purpose of the Study 
The purpose of this study was to explore the use of a cultural approach to the 
study of geometry and to investigate the intrinsic motivational factors this approach might 
offer for African American students. 
Significance of the Study 
This research will add to the body of knowledge about pedagogical practices in 
the teaching of African American students particularly in mathematics. Findings should also 
supplement traditional mathematics with new information that could form the basis for 
lesson plans to support multicultural mathematics instruction. Finally, this study offers 
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insights about the esthetic nature of art in geometry as a powerful stimulus for students to 
think geometrically. 
Rationale for the Study 
The complexity of information processing requires workers of the future to 
possess innovative and creative thought patterns. The jobs of the future will require workers 
who are problem solvers, with confidence in their ability to handle a variety of situations. 
In order to meet the demands of a more challenging job market, radical changes must occur 
in how students are taught to observe, reason, and make decisions intellectually. 
According to an NCTM report, “jobs that contribute to this world economy 
require workers who are prepared to absorb new ideas, to adapt to change, to cope with 
ambiguity, to perceive patterns, and to solve unconventional problems. It is these needs, not 
just the need for calculation (which is now done mostly by machines), that make 
mathematics a prerequisite to so many jobs.” (Curriculum and Evaluation Standards, 
NCTM, 1989) 
There exists a dilemma for minorities in mathematics. Statistics show that by the 
year 2000, one in every three American students will be of a minority race or ethnicity, and 
one in every three workers will be of a minority race or ethnicity. 
If African American students are to be more successful in achieving academically, 
and in their friture career plans, they must develop more highly sophisticated thinking skills. 
Changes must occur in how students develop the connections of organizing, analyzing, and 
reaching conclusions. To know facts and techniques is of little use unless students are able 
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to use them to solve problems. This ability does not come automatically, it needs to be 
nurtured in mathematics instruction. Since learning geometry involves students in an 
exploration of geometric shapes corresponding to the geometric properties, geometry 
contributes in an important way to the learning processes of spatial visualization and 
deductive reasoning. 
Geometric understandings have traditionally been difficult to teach and difficult 
to leam. Secondary school teachers across the United States continue to report that students 
have difficulty with geometry. Standardized tests indicate that students do not score well 
on the use of geometric concepts that require more than visual identification. 
This research sought to analyze how the use of culturally based geometric 
activities might be related to the achievement and attitude of African American students’ 
geometric understandings. 
Statement of the Problem 
This study examined the effects of African art experiences upon the achievement 
and attitude of African American students in the study of geometry. The research questions 
were: 
1. Is the use of African Art as an instructional approach in Euclidean Geometry 
effective in promoting achievement in geometric thinking of African 
American students? 
2. How do students report their own well-being when taught Euclidean 
Geometry using the geometry of African Art and traditional methodology? 
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Hypotheses 
This research study compared the effectiveness of African Art experiences in 
geometry on student achievements and attitudes. The hypothesis to be researched were: 
HOi There is no statistically significant difference in the Informal 
Geometry Test achievement scores between students taught using the 
traditional approach and those exposed to geometry through African 
art. 
H02 There is no significant difference between the attitude pre-survey 
mean and the attitude post-survey mean in the treatment group. 
Definition of Terms 
The following terms have been defined for the purpose of this study: 
Ethnomathematics refers to mathematical ideas about numbers, logic and 
spatial configurations of a culture that are organized in some kind of structure or system. 
(Mtetwa, 1992, p. 1) 
Attitudes towards mathematics is a belief that student’s attitude toward 
mathematics has a bearing on how well that student performs and how willing that student 
is to engage in mathematical activities (Fennema-Sherman, 1976b). 
Student achievement is defined as a measurement of proficiency, mastery, and 
understanding of geometric concepts as measured by a text generated informal geometry 
achievement test. 
CHAPTER2 
REVIEW OF THE LITERATURE 
The review of literature related to this study addressed the cultural structuring 
of geometric thinking and achievement in teaching African American students. The 
purpose of the review is to provide background information related to the influences of 
African art in the teaching of geometrical understandings to African American students. 
The theoretical and conceptual framework for the research is found in studies on 
ethnomathematics which is a multicultural approach to teaching and learning 
mathematics. 
The literature review is divided into four sections. The first section provides 
the theoretical framework for the study. The second section focuses on culture in 
mathematics and discusses the concept of Ethnomathematics. The third defines and 
describes the artistic elements of geometry as a rich body of strategies for teaching, and 
section four reports on specific projects and studies related to mathematics and culture. 
Theories About Education and Culture and Ethnomathematics 
As early as 1897, Dewey set forth theories about the relationship between 
culture and education. His belief, regarded as the most influential position in the history 
of American educational thought was that; “the only way to make the child conscious of 
his social heritage is to enable him to perform those fundamental types of activity which 
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made civilization what it is.” As one of the earlier cultural theorists, he cited the value of 
the historical aspects of heritage as an important part of the education of the child. When 
taken simply as history it is thrown into the distant past and becomes dead and inert, but 
taken as the record of man’s social life and progress it becomes full of meaning. 
Dewey asserts that the primary basis of education is in the child’s powers at work 
along the same general constructive lines as those which have brought civilization into 
being. All education proceeds by the participation of the individual in the social 
consciousness of the race. He believes that we must be able to carry them back into a social 
past and see them as the inheritance of previous race activities. Further, we must be able to 
project the child into the future to see what his/her outcome and end will be. 
Dewey concludes that education must begin with a psychological insight into the 
child’s capacities, interests, and habits. His intention was to establish a curriculum that 
balanced subject matter with student interests and needs. He interpreted education, then, in 
terms of the child’s own powers, tastes, and interests, i.e., an evolving psychological process. 
Hilliard’s (1991) stance concerning education is rooted in “faith in the potential 
of people and faith in the power of the pedagogy.” To attain a high quality education, the 
focus must be on academic depth and power pedagogy rather than the capacity. He contends 
that, “pedagogical strategies evolve naturally when teachers develop a depth of 
understanding of their field.” He recognizes failed potential as the result of failed 
pedagogy. The focus, he states, must shift, the educational structure must serve all the 
people, grounded in the high purposes of democracy and the higher purpose of human 
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fulfillment, which prepares people to function beyond the market place in human 
communities. That is the true wealth of a nation. 
Nilson(1972) cited Woodson, one of the earliest proponents of black education, 
who advocated that an adequate education should result in an output that made a black 
person think and do for himself. His concern was quality rather than quantity. The content 
of black education lacked vision, which affected his abilities to make a living. He felt that 
if blacks could find themselves in what they were taught, it would give them a place of 
dignity and purpose. 
The African American Baselines Essays (1988), a multicultural resource guide 
adopted by the Atlanta Public Schools, argues that the African contribution to mathematics 
is fundamental, extensive, and relatively unknown in our nation’s schools. It proposes that 
the teaching of mathematics can be enlivened, and math anxiety reduced in the classroom 
by the introduction of historical topics that reflect the culture of the classroom. This study 
further explains that mathematics is a human subject, developed to meet human needs and 
that the main body of mathematics was developed in Africa and Asia. The findings from 
this study are that student-oriented materials from African sources for school mathematics 
topics do exist, and that the African heritage of mathematics should indeed be infused into 
the mathematics curriculum. 
Banks (1992) said that if our goal is to provide education for all, teachers must 
implement and assess programs that respond to student diversity by integrating content that 
reflects diversity. By bringing cultural content to the center of the instruction, it helps 
students realize how knowledge is constructed depends on experience, values and 
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perspectives. According to Banks, effective educational programs should help students 
explore and clarify their own ethnic identities through ethnic studies. But the assumption 
that this can be accomplished by focusing on the aspects of ethnic studies that highlight the 
ways in which these groups have been victimized by mainstream society is highly 
questionable. This leads to more serious problems and practices related to ethnic diversity. 
In designing multiethnic experiences for students, Banks concludes, we need to consider the 
ethnic characteristics of individuals and consequently individual experiences for students 
within the multi-ethnic curriculum. 
Bishop broke new ground in the theory that mathematics education is a cultural 
product described as a mathematical phenomenon. He cited White, who first theorized 
about math as a phenomenon by defining it as the symbolic technology of a culture. This 
drive relates humans to their environment and drives the other cultural values of sentiment, 
ideals, and social interaction. (Bishop, 1988, p. 184) Values, then, stem from culturally 
relating mathematics in complementary components: predictable and progressive 
sentiments; logical and objective ideology; and a sociology of openness and mystery. Bishop 
explained that all cultural groups generate mathematical ideas and that mathematics should 
be understood as a kind of cultural knowledge. His findings suggest that student failures in 
mathematics among ethnic minorities could be a result of the mathematical education not 
being in tune with the culture. Bishop’s concern is with finding educationally significant 
ways of relating people and their mathematics culturally. 
According to Cole and Gay (1971) cultural differences in cognition reside more 
in the situations to which particular cognitive processes are applied than in the existence of 
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a process in one cultural group and it absence in another. If experiments are occasions to 
demonstrate the use of skills, then failure to apply the skills that we assume are used in 
natural contexts becomes, not an illustration of cultural inferiority, but rather a fact to be 
explained through study and further experimentation. Further, if we relate cognitive skills 
to specific activities, then we ought to be able to use cultural variations in order to evaluate 
their cognitive consequences. An ethnographic analysis prior to an experiment is needed in 
order to identify the kinds of activities students often engage in and hence ought to be 
skillful at handling. “People do well with things that are important to them.” 
Ethnomathematics 
Concepts of Ethnomathematics 
The turn of the century will issue in a more global society. Participants in the 
world of mathematics cannot adequately prepare for the future without an understanding of 
the past and the present. It is important, therefore, to revise our philosophy in recognition 
of the fact that mathematical ideas are cultural expressions and that the broader global, 
ongoing history must acknowledge and include the ideas of other cultures. All societies have 
developed mathematical practices appropriate to their daily lives and cultures, an area of 
mathematics known as “ethnomathematics.” And all mathematical ideas, in all minority 
groups, need to be viewed in a cultural context. Ethnomathematics does just that in the 
truest sense. 
Ethnomathematics, a multicultural approach to teaching and learning 
mathematics, challenges the structure of the technical and theoretical mathematics system. 
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The term was first introduced by the Brazilian mathematician and educator, Ubiratan 
D’Ambrosio. Ethnomathematics refers to “mathematical processes, symbols, reasoning 
patterns and so on, practiced by identifiable cultural groups, including professionals” 
(Mtetwa, 1992). 
The two main goals of ethnomathematics are to: 1) broaden the traditional 
history of mathematics to one that has a multicultural, global perspective; and 2) modify 
theories that suggest that because the cognitive level of minority groups is prelogical, they 
could not make any significant contributions to mathematical ideas. 
Ethnomathematics in Pedagogy 
Statements by NCTM (1991) suggest that, in their efforts to reach all students, 
“educators are beginning to recognize the value of infusing mathematics with the 
achievements of world cultures, to multiculturalize the curriculum (Bishop, 1988, 
D’Ambrosio, 1989, Gerdes, (1988). D’Ambrosio, (1989) a leading writer on mathematics 
teaching, has extensively researched curriculum development in mathematics based on an 
analysis of the intercultural transmission of mathematical knowledge. By introducing a 
concept of culture which calls for an analysis of individual and social behaviours, the study 
of ethnomathematics is recognized as a form of structured knowledge. To do mathematics 
is a natural behaviour of human beings. These two concepts form a theoretical framework 
for curriculum development in mathematics. 
Ascher (1991) states that mathematical ideas are cultural expressions, and a 
global ongoing history must acknowledge and include ideas of other cultures. She further 
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states that mathematics participants cannot be adequately prepared for the future without an 
understanding of the past and of the present. She correlates, using numerous examples, the 
interplay of mathematical ideas and culture. They cannot be separated from each other. 
What we term mathematical ideas are, in every instance, part of the web that constitutes a 
culture. There is value in focusing on mathematical ideas across cultures because these are 
human mental constructs and, as such, they can add to our appreciation and understanding 
of what sets humankind apart and are an important aspect of what it means to be human. 
Ascher further argues that it is not possible to clearly delineate the scope of 
mathematical ideas or to draw sharp, clear lines between these ideas and other ideas; this 
area of human thought clearly overlaps with other areas of thought. And so as we seek ideas 
across cultures, we recognize that even within our own culture, mathematical ideas exist in 
many different contexts and are not the exclusive province of some unusual few who were 
specially endowed at birth or specially educated. It then becomes important that the other 
expressions of mathematical ideas are recognized and valued and not lost to all of us. 
In the traditional mode of teaching about the continent of Africa, teachers deal 
with art, religion, music, and trade-but not mathematics. Failure to discuss the mathematics 
developed in African carries with it the implication for many that Africans had no 
mathematics. The research of Claudia Zaslavsky deals with mathematics entirely from the 
point of view of its applications, specifically in the lives of African people. 
Zaslavsky (1990) asserts that the majority of students, whether they have been 
taught the ‘old math’ or the ‘new math’, merely memorize without real understanding, unless 
they have had the opportunity and the motivation to discover mathematical concepts on their 
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own initiative. One learns to do math by doing it~not by manipulating abstract symbols on 
sheets of paper or in bound workbooks. 
Ethnomathematics when infused into the school’s curriculum does the following: 
(1) builds self-esteem; (2) increases interest when instruction is related to daily life; and 
(3) enhances appreciation of different ways of thinking. Impediments, on the other hand, 
to combining multicultural aspects with the mathematics curriculum include the following: 
(1) lack of materials; (2) inadequate teacher curriculum; and (3) overemphasis on student 
performance on standardized tests. (Zaslavsky, 1988, p. 1-2) 
Nelson (1993) states that all cultures produce mathematical ideas. To recognize 
and value the cultural heritage of minority students helps build their confidence and pride 
as it helps overcome the Eurocentric bias relating to the origins and practice of mathematics. 
Gerdes (1985), in his work on problemising reality, (i.e., setting mathematical 
problems into a cultural context) found that this approach leads to consciousness, to 
awareness of the relevance of mathematics as a tool to understand and transform reality. His 
research further showed problemising reality motivates students and gives an entrance to 
powerful mathematical methods of solving everyday problems. As a result of his research 
in problemising reality, three confidence creating strategies emerged for students; cultural, 
social and individual-collective strategies. 
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Geometry and Art and African Art 
Project Curricula and Materials 
The relationship of the arts to human cognition is seen “in the ways in which we 
come to understand and convey to others what we have experienced.” As cognitive 
pluralists (Goodman 1978; Cassirer 1961) have long argued, human reason exceeds the 
limits of language; and as Polanyi (1967) reminds us, “We know more than we can tell.” 
In Jacob Bronowski’s (1958) words, there is nothing in the head that was not first in the 
hand; the sensibilities, he implies, are the first avenues to consciousness. 
Van Hiele, a pioneer in how students learn geometry, found in his studies that 
instruction must match students’ cognitive development. That initial level of geometrical 
thinking is visualization. Art in geometry offers a natural media for such explorations. 
Further, researchers have shown that art experiences are ideal for cultivating, exercising, and 
stimulating the imagination and for developing creative thinking. 
Dewey (1857) said that education is life, and that all life has, from the onset, a 
scientific aspect, an aspect of art and culture, and an aspect of communication. The progress 
is not in the succession of studies, but in the development of new attitudes towards, and new 
interests in, experience. 
Eisner (1991) believes the arts provide a stunning example of a form of human 
activity that virtually requires students to draw upon their own personally imaginative 
resources. The arts provide the expressive side of human nature with opportunities to find 
its place in the world. They evoke the personal and give it a place of honor. Eisner asserts 
that one of the key functions of schooling is to induct the young into the legacies that culture 
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has provided and to develop their ability to think. Human beings build a cultural network 
of ideas, tools, and images that influence not only their own lives, but the lives of their 
children. In other words, cultural networks, he says, help us understand what we might not. 
Eisner lists seven fundamental beliefs about processes and outcomes that the arts yield and 
how they might infuse and invigorate what we teach, which are features of human capacity: 
1. Art teaches us there are a multiplicity of ways to solve problems and a host 
of possible solutions. 
2. Art teaches us that attention to nuance, but not detail detached from context, 
is important and pride in craft critical. 
3. Art teachers us perception is more an act of consuming. We are there to take 
the work in, to experience its conformations, to relish in its subleties. 
4. Art teaches us judgment, which focuses on unique configuration, and takes 
its cues not simply from how something looks or sounds, but how the look 
sound of something makes you feel. Thus viewer or creator must tune into 
both form and feelings. 
5. Art opens opportunities. Because of the unpredictable nature of artistic 
action, it moves students beyond the boundaries of their own thinking and 
encourages intellectual risk-taking. 
6. Art encourages flexibility. 
7. Art cultivates sensibility and stimulate imagination. Sensibility is the first 
road to consciousness, and its refinement is an important human 
achievement. Through the imagination new possibilities emerge. (Eisner, 
1991, p. 142-144) 
Although there are limited studies on teaching geometry through art, cross¬ 
curricular work is one of the major directives from the NCTM. The NCTM (1989) stand on 
multicultural, interdisciplinary education is that we must seek ways to empower our students 
to learn mathematics and to reason mathematically through representations of mathematics 
as a network of interconnected concepts and procedures, emphasizing connections between 
mathematics and other disciplines and connections to daily living. 
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There are many points which support a multicultural, interdisciplinary perspectives: 
1. Students become aware of the role of mathematics in all societies. They realize 
that mathematical practices arose out of people’s real needs and interests. 
2. Students leam to appreciate the contributions of cultures different from their 
own and to take pride in their own heritage. 
3. By linking the study of mathematics with history, language arts, fine arts and 
other subjects, all the disciplines take on more meaning. 
4. The infusion into the curriculum of the cultural heritage of “minority” students 
builds their self-concept and encourages them to become more interested in 
mathematics. (Zaslavsky, 1991, p. 36) 
Artists make powerful use of mathematics, while teachers of geometry use art 
principles as mathematics foundations. Poincare, (1956) for example, thought that “The 
distinguishing feature of the mathematical mind was not logical but aesthetic,” the feeling 
of mathematical beauty, of the harmony of numbers and form, of geometric elegance. Papert 
(1980) and Poincare (1956) believed that aesthetics plays the most central role in the process 
of mathematical thinking so that what should guide us in developing mathematical thought 
is the principal factor of the aesthetics of mathematics, that unconscious activity that affects 
the structure, power, cleverness and surprise of mathematical thought. 
Gerdes (1995) in his research demonstrates that alternative constructions of 
geometrical ideas do exist in the cultural context of Africa. In particular, Gerdes’ analysis 
of the geometrical forms of traditional-Mozambican-objects, like baskets, mats, pots, 
houses, fishtraps, etc., led him to pose the question: why do these material products possess 
the forms they have? After learning the production techniques, it emerged that the forms of 
these objects are almost never arbitrary, but generally possess many practical advantages, 
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and are, a lot of the time, the only possible or the optimal solutions of specific production 
problems. 
In studies done by Zaslavsky (1991), it was found that African culture has much 
to teach about art in mathematics. African art is varied and complex; geometric patterns and 
symmetries appear throughout the culture as a part of everyday life. The ability to observe 
and reproduce patterns, both numerical and geometrical is of great importance in Africa. 
The African sensitivity to form is evident in the construction of houses; the geometric form 
in architecture stems from round, to oblong to rectangular shaped buildings all motivated by 
the needs of the community. Zaslavky offers for the minority a new and refreshing 
approach to the study of geometry, an analysis of African culture from the mathematics point 
of view. Geometric concepts have real meaning when they are presented in a concrete and 
relevant form as can be seen through the African culture. 
In a study conducted by an art teacher, Shapiro (1991) found the link between art 
and geometry is a natural appeal to the aesthetic. In understanding geometry, he suggests 
that the elements of creativity naturally enhance a desire to learn. By introducing processes 
of visualization, measuring and recognition of characteristics in pattern and symmetry there 
is learning in both art and geometry. 
Cultural Studies in Mathematical Learning 
Cultural and Mathematical Learning Studies 
Multicultural Educational Projects 
Several projects using an ethnomathematics curriculum have been reported in the 
literature. Zaslavsky (1991) tested ethnomathematics curriculum materials in at least two 
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projects. These projects allow students to become involved in active exploration of the real 
world. One project, involved applications of the concepts of area and perimeter, and the 
other used graph theory dealing with traceable and nontraceable networks. In both projects 
affective outcomes were favorable. Zaslavsky concluded that bringing the world into the 
class engages students and fosters a sense of pride as evidenced by their displays. 
Observations during activities showed that students were involved continuously, discussing 
and arguing various points and enjoyed the activities. As one student wrote in his evaluation 
of a classroom activity based on African culture: “As you probably don’t know, I feel very 
strongly and am in deep thrust [sic] with my black people, and the math has made me feel 
better!” (Zaslavsky, 1991, p. 11) 
In the perimeter-and-area project conducted in the middle grades, the students 
were asked to try to find the area of several different shapes of houses found in different 
cultures. They discovered that, by sketching the shapes on grid paper and counting the 
squares enclosed by each shape, all of the houses had the same perimeter. As an aftermath 
to this activity, one class, working in small groups, designed, constructed and decorated 
several African-style compounds of round houses with conical roofs. In the course of this 
activity the students learned that a cylinder is a rectangle whose two opposite edges have 
been joined, and that a cone is a circle with a sector removed. In examining different 
housing styles to develop geometry and measurement skills, as a method of integrating math 
with the study of culture and history, students increased their awareness of its role and 
solicited full class participation in discussions. 
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In the second project, students were involved in trying to determine if a network 
could be traced in one sweep without removing the pen from the paper or going over an arc 
more than once. This activity also was conducted in a middle grades classroom. Given 
examples of African network patterns students were asked to trace the networks and to 
determine which patterns could be drawn without lifting the pencil. They were then told to 
determine the necessary conditions for traceability, a difficult task that involves classifying 
networks according to whether the number of arcs that meet at each vertex is even or odd. 
What Zaslavsky noticed from the graph theory project was that students were 
encouraged to deal with new situations, be unafraid of challenges, and learn to think. 
Several applications and methods of analysis and suggestions for further activities were also 
outcomes of this study. 
Zaslavsky found from both studies that by incorporating students’ cultural 
background into the mathematics program, their attitudes towards and interest in 
mathematics were high. The affective outcomes of both projects might be summed in 
comments made by one of the students: 
I loved the fact that I got a chance to learn some of the math from a completely 
different country. Another said, it showed that we shouldn’t think our way of 
doing math is the only way there is. (Zaslavsky, 1991, p. 12) 
Zaslavsky also observed that students’ achievement in the projects seemed to have 
little relationship to age or previous mathematical background. The materials were judged 
appropriate by the teachers of the classes. These activities inspired students to complete 
follow-up activities related to African culture. 
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Vogeli (1992) used findings about the ethnomathematics of Africa to create 
lesson plans to support multicultural mathematics instruction in North America. He found 
substantial ethnomathematical content within the traditional cultures of Africa. The lesson 
plans were based upon topics in numeration and numeral classifiers, kinship relations, 
geometry of sand tracings, measurement of time and space, and mathematical games. 
Included in the lesson plans were background and resource materials, suggestions for 
activities and recommendations for evaluation and extension. A panel of mathematics and 
anthropology educators judged favorably the content and pedagogy. The panel described the 
cultural content of the lessons as “highly appropriate” for use in middle school mathematics 
classrooms. 
The Algebra Project, a study conducted by Moses (1989), used the structure of an 
urban transit system as a metaphor for the directionality of positive and negative numbers 
in algebra. The students involved were predominantly African American at King 
Elementary School in Cambridge, Massachusetts. The project emphasized a curricular 
process that drew upon students’ existing social knowledge and experiences and linked that 
knowledge to the more fundamental and powerful ideas that undergird the domain of 
algebra. As a result of the project, “40 percent of King’s 1989 graduates passed the high 
school algebra exam and most of the others were placed in honors algebra as freshmen. 
In the Math Workshop Program, Treisman (Fullilove & Treisman, 1990) 
discovered that African American students entering Stanford University who had been high 
achievers in high school were not faring well in calculus. Treisman’s observed these 
students lacked success because they were not involved in cooperative learning as were their 
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Asian American counterparts. Students saw group cooperatives as being a conflict between 
success and values. He formed the Math Workshop to foster cooperative learning which has 
been very successful and has received national recognition. 
Dr. Abdulalim Shabazz, noted black mathematician at Clark Atlanta University, 
says Hillard, (1991) has exemplified in his philosophy and practices the need to integrate the 
culture and history of a people so that these will impact positively upon the education of that 
people. It is estimated that nearly 50 percent of the present African American 
mathematicians in the United States resulted directly or indirectly from the University’s 109 
master’s degree recipients during the seven-year period from 1956 to 1963. 
Summary 
Major research in the area of ethnomathematics has been primarily qualitative in 
nature. There are limited findings regarding the impact of ethnomathematics on students’ 
math achievement as measured by their cognitive performance (i.e., criterion referenced or 
standardized testing). Outcome measures have been mainly affective. This study will focus 
on the impact of African art materials in geometric teachings on the achievement and 
attitude of African American students. 
Educational theorists have argued from as early as 1897 that education of the 
child cannot be separated from the culture of the child. Many agree that education has a 
broader meaning than just the study content. The cultural interactions of a society should 
influence the direction of the educational curriculum. 
22 
The ethnomathematic theory is based on a perception of mathematics as a cultural 
product; to learn math is to do math. Every society has a mathematical structure within its 
cultural context, and the fact can no longer be ignored that mathematics is not a universal 
topic, but rather a cultural topic. All cultures produce mathematical ideas that cannot be 
separated from the culture that derives these ideas. Mathematics taught within the context 
of the culture offers the kind of constructs of thinking that are a natural part of how 
knowledge is derived. The curriculum must began to look at the culture it serves for 
applications of learning to enhance the understanding, meaning and appreciation of 
mathematics. 
The study of geometry through the arts and African art, involves two main 
components of education; the culture of the student and visualization as the first level of 
geometric thinking. Infusing the arts develops our capacity to understand and convey to 
others what we have experienced. Art makes powerful use of mathematics and teachers of 
geometry use art principles as mathematics foundations. Art and geometry have a natural 
aesthetics and creative appeal which enhances children’s desire to learn. African art is 
varied, complex and rich in geometric ideas that have real meaning when presented in 
concrete and relevant form. Infusing African art materials to teach geometric 
understandings, transforms and enriches the learning experiences, resulting in effective and 
productive outcomes with a new perspective for the students. 
Ethnographic studies have provided the groundwork for this study and revealed 
that ethnomathematics materials do exist or can be created, and that they can be easily 
adapted to the curriculum. The content and pedagogy of these materials have been judged 
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favorably and the content highly appropriate. Students’ responses have been positive and 
have even stimulated an enthusiasm toward enrichment projects. Also ethnomathematics 
experiences have been shown to be effective in students’ achievement of mathematical 
ideas. Linking the learning experience to the culture of the student has increased awareness, 
participation and relevance of mathematical understandings. 
CHAPTER 3 
METHODOLOGY 
This study explored the hypothesis that the infusion of ethnic concepts, in this 
instance, African Art, into geometry learning activities does affect achievement and 
attitudes of African American students in the high schools. 
The purpose of this study then, was to assess the impact of art on geometrical 
understandings of African American students. By infusing African Art experiences into 
the geometry curriculum context, the researcher analyzed the effects of this art (the 
treatment) upon students’ attitudes toward and levels of understanding of mathematics. 
What follows is a discussion of the research methodology: method design, subjects, 
instrumentation, procedures, treatment, data collection and analysis and limitations of this 
study. 
Research Questions 
1. Does using African Art to teach geometric concepts have a significant 
effect on the achievement of African American students? 
2. Does the use of African Art in geometry have a significant effect on 




HOi There is no statistically significant difference in the Informal Geometry 
Test achievement scores between students taught using the traditional 
approach and those exposed to geometry through African art. 
H02 There is no significant difference between the attitude pre-survey mean and 
the attitude post-survey mean between the treatment group and the control 
group. 
Method Design 
The experimental design for this study was a nonequivalent pretest-posttest 
control group design as described by Campbell & Stanley, (1963). The rationale for 
selecting this design was because of the limitations of the already intact informal geometry 
classes. The nonequivalent pretest-posttest group design is prevalent and useful in 
education, since it is often impossible to randomly assign subjects. The term non-equivalent 
is used as the name for the design because students are assigned randomly within the 
established scheduling pattern of the school. This design is represented below: 
Non-equivalent Pretest-Posttest Control Group Design 
Group Pretest Treatment Posttest 
E: 01 X 02 
C: 03 04 
Subject 
Selection and Description 
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This study was conducted in a large high school in Atlanta, Georgia dining the 
spring of 1996. The school enrollment for that year was just under 2,000 with more than 
one-half of the students eligible for the federally funded lunch program. Results of a self 
study conducted in (1981) revealed that approximately 50% of graduates attend a four-year 
college or university and about 17% attend other postsecondary programs. 
The 60 participants in this study were students enrolled in two already existing 
informal geometry classes. Informal geometry classes are comprised of students who 
performed at or slightly below grade level as determined by school records, and scored 
below the 40% percentile on the ITBS-M in statewide testing during their 8th grade. 
Two intact informal geometry classes were selected to participate in the 
experiment. One class was assigned to the treatment and labeled the experimental group 
(E); the other served as the control group (C). The experimental group received treatment 
and the control group received no treatment. 
Instrument 
Two instruments were used in the data collection. The Informal Geometry 
Achievement Test (IGAT) is designed to measure both pretest and posttest achievement in 
geometry, and the Attitude Toward Mathematics Test (ATM) is designed to assess the 
attitudes of students toward mathematics. The Informal Geometry Achievement Test and 
the Attitudes Toward Mathematics survey were both adapted from already existing 
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instruments. For purposes of this study, 20 items were selected from the Fennema-Sherman 
mathematics attitude scale. A copy of both tests can be found in the appendix. 
Experimental Procedures 
The researcher was a teacher of mathematics at the high school where the study 
took place. There were three classes of informal geometry taught by the researcher with 
each of them receiving geometric instruction for 4-5 hours per week. Of the three classes 
two intact classes were randomly selected to participate in the study. One entire class was 
selected as the control group (C) and the second class, the treatment group (E). 
The control group used traditional instructional materials to learn geometry, while 
the treatment group used African Art materials considered rich in geometric understandings 
and representations. The content was exactly the same for both groups as predetermined by 
the objectives of the course. All students studied the basic concepts of transformational 
geometry, triangle properties, and measurements. All students spent an equal amount of 
time in lectures, student-focused exercises, teacher-guided activities and individual artistic 
related activities. During this instructional period, groups and individuals were observed and 
interviewed by the researcher. 
Students in the two classes were taught geometry lessons over a two week period. 
The lessons incorporated in a ten-day instructional unit, were developed and taught by the 
researcher in accordance with school standards. 
The treatment group was taught the same content but using African Art as 
instructional tools. Art related projects were an integral part of the daily lesson plans used 
to expose the class to African art in geometry. These art activities allowed students 
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opportunity to make connections and examine relationships among geometrical ideas based 
on what they had experienced from the culturally based activities. 
Each group received a pretest and posttest to measure achievement and attitude 
towards mathematics. The IGAT was used to measure achievement levels and the ATM 
measured attitude toward mathematics. 
Description of Treatment 
The treatment group, using the discovery approach, was taught geometric 
concepts and properties using African art materials. The emphasis throughout the treatment 
was to use ethnic instructional materials to develop geometric thinking among ethnic 
students. As a final project, students in the treatment group were instructed to create an 
artistic picture or design. The project goals differed as students expressed artistically their 
experiences in geometry from a cultural perspective. 
An instructional unit was outlined to help in understanding the relationship 
between geometry and African art. A copy of the lesson plan is attached. (See Appendix 
C) 
Data Collection and Analysis 
Data was collected by administering a geometry achievement pretest and 
posttest to students in both groups. Data consisted of a written test that was scored using 
a percentile measure. The scores that were generated by the achievement test was treated 
as nominal data. A second set of data was collected by administering the mathematics 
attitude survey, a modified Fennema-Sherman (1976a) scale, to students in both groups. A 
Likert scale was used to measure attitudes toward mathematics. The responses range from 
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1 to 5 with a rating of 5 given to a response of “strongly agree” to a rating of 1 point for 
“strongly disagree.” Both sets of data were analyzed using the t-test for independent samples 
to compare the mean scores of the experimental and control group. 
Limitations 
Limitations of the above study associated with intact groups was avoided by the 
size of the classes as well as the commonalties of the groups. There were 24 students in one 
class and 23 in the second class. 
All students in the study came from similar backgrounds and experiences. There 
are no major differences between subjects in each group before the experimental treatment 
begin. Also the treatment was designed to be infused into the on-going instructional 
program causing no interruption in the continuity of the school’s curriculum. 
CHAPTER 4 
PRESENTATION AND ANALYSIS OF DATA 
Introduction 
The purpose of this study was to determine the effects of culturally-based 
materials on students performance and students’ attitude toward geometry. The research 
problem was to determine if achievement and attitude of African American high school 
students who were taught geometry using African geometric art differed from African 
American students who were not. This chapter presents the results of the data analysis. 
Analysis of Data Relating to Null Hypothesis 
HO] There is no significant difference in the Informal Geometry 
Achievement Test scores between students taught using the traditional 
approach and those exposed to geometry through African art. 
Hypothesis 1 was tested to determine if any gains in achievement might exist 
between the two groups involved in the study by using the scores from the IGAT. The 
achievement scores of the 23 students in the treatment group were compared to those of 
the 24 students in the control group. Using the two-tailed t-test statistic, the mean scores 
for the two groups were computed and results recorded in Table 1. 
The test for homogeneity of variance found an F-ratio of .037 which was less 
than 4.05 df = 45. The assumptions of normality of the sample data that are required for 
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parametric statistical test were met by the IGAT. The computed t-value of 2.147 with a 
probability level of significance of .016 and 46 degrees of freedom exceeded the critical t- 
value of 2.021; therefore, the null hypothesis was rejected. 
TABLE 1 
MEAN GAINS IN ACHIEVEMENT SCORES ON THE IGAT FOR 












Calculated t((46)) = 2.147 more than table value t((2.021)) 
Null hypothesis rejected. 
Discussion of Findings Related to Question 1 
Is the use of African art as an instructional approach to Euclidean Geometry 
effective in promoting achievement in geometric thinking of African American students? 
Since the mean scores generated by the IGAT for the treatment group was 
significantly higher than the mean scores of the IGAT for the control group, it appears that 
the treatment did make a difference in achievement levels. Statistically these results imply 
that the use of culturally based materials to teach geometry concepts contributed to the 
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treatment groups’ achievement in geometry. Results from the pretest and posttest are 
summarized in Tables 2 and 3. 
It is interesting to note that although the students in the control group had a higher 
pretest mean score than the treatment group, they did not experience any achievement 
growth. The control group had an average gain of -4.1 between their pretest and posttest 




CONTROL GROUP PRETEST POSTTEST GAINS SCORES 
Subject Pretest Posttest Gains 
1 54 39 -15 
2 29 35 +6 
3 31 45 +14 
4 67 — — 
5 67 54 -13 
6 33 37 +4 
7 35 53 +8 
8 63 51 +10 
9 31 32 +2 
10 33 31 -2 
11 35 43 +8 
12 63 55 -8 
13 33 35 +2 
14 59 54 -4 
15 45 35 -10 
16 50 37 -13 
17 24 29 +4 
18 29 55 +26 
19 45 35 -10 
20 58 51 -7 
21 63 65 -2 
22 39 41 +2 
23 35 35 0 
24 37 53 -16 
x= 1046 = 43.9 v= 970 =39.8 II 
00 II 
24 24 24 
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TABLE 3 
TREATMENT GROUP PRETEST POSTTEST GAINS SCORES 
Subject Pretest Posttest Gains 
1 41 39 -2 
2 43 53 +10 
3 45 43 -2 
4 47 53 +6 
5 41 53 +12 
6 47 65 +18 
7 29 37 +8 
8 29 47 +18 
9 22 18 -4 
10 33 18 -15 
11 39 67 +28 
12 37 35 -2 
13 22 33 +11 
14 45 49 +4 
15 61 61 0 
16 24 31 +7 
17 10 29 +19 
18 37 62 +25 
19 33 52 +22 
20 45 39 -6 
21 24 35 +11 
22 37 47 +10 
23 24 41 +17 





23 23 23 
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H02 There is no significant difference between the attitude pre-survey mean 
and attitude post-survey mean of the treatment group and control group. 
Student’s attitudes were surveyed before and after the treatment using the 
Fennema Sherman Mathematics Attitude Survey. Since students did not put their names 
on the survey, no individual comparisons between the pretest and posttest scores could be 
made. A separate two-tailed t-test was performed to measure mean gains in attitude 
between the treatment group and the control group. Test results are recorded in Table 4 . 
Using data gathered from the surveys, Hypothesis 2 was tested to determine if 
significant differences existed between the means for the attitude scores of the control and 
treatment groups. The t-statistic for independent samples was used to find the calculated 
t = -.050 which was less than the critical t = 2.02 at p = .960 level of significance. The test 




MEAN CHANGE IN ATTITUDE ON THE ATTITUDE SURVEY 





Control Group .01375 .7280 
.050 .960 
Treatment Group .09375 .7929 
Calculated t((46)) = .050 less than the table value t (((46)) = 2 
Null hypothesis not rejected 
Discussion of Findings Related to Question 2 
How do students report their own well-being when taught Euclidean Geometry 
using the geometry of African Art and traditional methodology? 
Attitudes toward mathematics were measured by the Fennema-Sherman 
Mathematics Attitude Scales. The response of students on the MA survey were analyzed 
and compared to determine if the use of geometry content rich in African art experiences 
did affect attitudes. An independent t-test was performed on the experimental group and the 
control group. Although the treatment group showed greater gains in attitude than did the 
control group, it was not at a level of statistical significance. Table 4 summarizes the 
statistical results related to this hypothesis. 
The interaction between attitudes scores and method of instruction was not 
significant; however, students in the treatment group showed a more improved attitude 
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towards mathematics at the end of the course (Table 5). The mean and standard deviation 
were calculated for each group. The mean of each category indicates whether or not the 
responses to that component represent a favorable attitude toward mathematics. The 
standard deviation indicates how much the responses to that item tended to vary from subject 
to subject. The results indicated that the treatment group reflected a more positive attitude 
towards mathematics than did the control group. The relatively small standard deviation 
revealed that the treatment group was more consistent in their responses to the survey items. 
The researcher further observed the following changes in behavior for the students in the 
treatment group: 
1 ) sustained interest throughout the instructional period 
2) participated more in class activities and discussions 
3) asked fewer questions and needed fewer directions 
4) demonstrated a variety of creative expressions connecting art to geometry 
5) worked well cooperatively 
38 
TABLE 5 
COMPARISON: EFFECTS OF AFRICAN ART EXPERIENCES 
IN GEOMETRY ON ATTITUDES WITHIN GROUPS 
Mean 






Standard Deviation .5975 .5589 
Treatment Group 2.7474 2.8333 .0859 
Standard Deviation .0293 .5264 
Summary 
In this chapter findings related to the hypotheses and questions were presented 
and discussed. Findings were discussed relative to Hypothesis 1 to provide understandings 
regarding how the treatment affected the achievement levels of high school students in an 
informal geometry class. The null hypothesis was rejected. The results of the analysis 
showed that students in the experimental group did experience gains in mean scores which 
were significantly different from the gains made in the control group as a result of the 
treatment. Hypothesis 2 of this study further addressed what effect the treatment might 
have on students’ attitudes towards mathematics. No significant change in attitude was 
found in either the control or treatment group. Of interest, however, is the fact that the 
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researcher observed that students in the treatment group showed a higher level of sustained 
interest and involvement. 
CHAPTER 5 
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 
Introduction 
This chapter provides a summary of the study, a discussion of the findings and 
presents the conclusions relative to the findings, the implications of these conclusions and 
recommendations for instruction and future research. The major purpose of this study 
was to compare the achievement in and attitudes toward geometry following instruction 
using a context rich in African art of African American students. 
The purpose of this study was to determine the effects of culturally-based 
materials on students performance and students’ attitude towards geometry. The research 
problem was to determine if the achievement and attitude of African American high 
school students who were taught geometry using African geometric art forms differed 
from African American students’ who were not. 
Forty-seven students participated in the study which lasted six weeks during 
the fall of 1996. Two intact informal geometry classes were selected for the study with 
one class assigned as the treatment group and the other class the control group. Both 
groups were taught by the researcher and received the same content, except the treatment 
group used African art instructional materials throughout the period. The students in the 
treatment group engaged in culturally relevant activities guided by the investigator. In a 
laboratory setting they were exposed to various African art experiences. The research 
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design of the investigation was a nonequivalent pretest posttest control group design. The 
instruments used were the Informal Geometry Achievement Test (IGAT) for assessment of 
achievement and the Mathematics Attitude Survey (MA) to assess attitudes toward 
mathematics. 
Summary of Findings 
Two questions were central to the study and formed the basis for this research: 
1. Does using African art to teach geometric concepts have a significant 
effect on the geometry achievement of African American students? 
2. How do students report their well-being when taught Euclidean Geometry 
using the geometry of African art and traditional methodology? 
The answers to the two research questions were addressed through hypotheses 1 
and 2 of the study. The two hypotheses were formulated and tested using the two-tailed 
t-statistic. Gain scores from the IGAT and attitudes survey were compared. This study 
found that there was a significant difference in the Informal Geometry Achievement test 
scores between the treatment group and control group. However, no significant difference 
was observed in the attitudes toward mathematics for either the treatment group or the 
control group. 
To address question 1, the first hypothesis was tested to determine if achievement 
scores of students were affected by the treatment. The IGAT mean scores were used to 
examine this result. The investigator found significant difference between the scores of 
those students taught content using the African art experiences and the scores of those 
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students using traditional methods. The first null hypothesis was rejected because there 
was a significant difference between the pretest mean and posttest mean scores between the 
treatment group and control group on the informal geometry achievement test. Therefore, 
we concluded that geometry content rich in cultural experiences had a positive effect on 
how students leam geometry. 
In testing hypothesis 2, the researcher found that the scores generated by the pre¬ 
attitude survey scores were not significantly different from the scores on the post-attitude 
survey for the treatment group or the control group. Again independent t-tests were used 
to assess changes in the students’ attitude survey means and post-attitude survey means for 
the control group and then for the treatment group. The mathematics attitude survey showed 
no significant difference in the pretest and posttest scores such that no conclusions could be 
made concerning attitude changes toward mathematics by either group. 
Although there was no significant change in attitude toward mathematics, it 
appears the treatment did influence attitudes toward mathematics. The quantitative analyses 
of the data from the attitude survey does not support these findings. Although no statistical 
comparisons between groups was intended due to restrictions within the test procedures, the 
mean gain scores for the treatment group were higher than the mean gain scores for the 
control group. The researcher did observe qualitative differences in behaviors. There were 
some noticeable changes in attitude between the treatment and control groups’ mean 
differences. Attitude changes were higher for the treatment group than for the control 
group. 
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A meta-analysis within groups showed the treatment group had substantial gain 
but no statistically significant gain. It suggests the treatment did have a positive effect on 
attitudes towards mathematics, or helped to maintain an already existing high level of 
attitude. 
Conclusions 
The conclusions based on the findings of this study are noted below: 
1. For this group of African American high school students, the use of African 
materials was a more effective instructional method than traditional 
instruction in developing geometric skills. 
2. Because no significant difference was found in the post attitude survey of the 
treatment and control groups, the researcher concluded that African art did 
not influence students attitude toward geometry. 
Implications and Discussion 
This study implies that using African art to teach geometric concepts and skills 
is effective in promoting high achievement levels among African American students. This 
finding is congruent with NCTM (1997) belief that a multicultural approach to 
mathematics instruction builds a foundation for promoting academic excellence for all 
students. Geometry taught in a cultural context allowed these students to value the origin 
of and contributions to mathematics and to establish the relevance of mathematics. 
Research (Banks) shows that changes in how the material is presented could make a 
difference in achievement levels of African American students if students can conceptualize 
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and internalize from a cultural perspective. This may have been the case with this group of 
African American students. Because they were able to construct knowledge based on 
understanding the connections between the African art materials and the geometric ideas in 
art from within their cultural framework, they were more successful than were those students 
taught using the traditional methods. 
The African textile and other art forms gave students a symbolic voice and the 
opportunity to embellish and enrich their understandings of geometry through creative 
expression of their cultural. These applications allowed the students to see uses of geometric 
skills and properties as not just isolated ideas but as part of a larger cultural network. The 
link between the concept and how it is used in the student’s culture is an important part of 
learning mathematics as noted by the NCTM. According to Zaslavsky, (1991) applications 
in geometry of African art offer students an opportunity to explore numerous topics that 
relate the role of human beings to their culture in the creation of mathematical knowledge. 
By using African art to learn content, African American students acquire an appreciation 
and respect for their culture’s contribution to mathematics. 
Students’ perception of the learning task influenced their thinking and motivation 
in mathematics. Students will learn when motivated and when they are interested Students’ 
involvement in mathematics is shaped by their perceptions of themselves as part of a 
mathematics culture. When teachers emphasize the roles different cultures have played in 
the evolution of mathematics, students’ pride in the accomplishments of their people is 
enhanced and they begin to value mathematics as a human activity (Ascher 1991). The 
feelings that students experience while doing mathematics affect performance. Zaslavsky 
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(1991) stated infusion into the curriculum of the cultural heritage of “minority” students 
builds their self-esteem and encourages them to become more interested in mathematics. 
This study suggests that when students feel a sense of belonging, it fuels a sense of curiosity 
about their place in the history of mathematics, which then motivates learning and improves 
academic achievement. 
Raum (1938) stated that good teaching “lays down the importance of 
understanding the cultural background of the pupil and relating the teaching in school to it.” 
(Raum, 1938, p. 5) This practice is appropriate according to Moses’ (1989) view that if you 
immerse the student in a physical event he understands, and show him how to take from that 
event the mathematics he needs, he will be successful. Gay and Cole (1971) also argue that 
the attainment of cognitive skills is not context free and that in order to provide effective 
education, the pedagogical processes must reflect the respective cultural differences. The 
findings of this study endorse the multiculturalist position that using cultural based 
resources and strategies to accommodate rather than exclude students’ needs does improve 
learning. 
Several studies have shown that attitude does play a role in students’ mathematics 
achievement and abilities to solve analytical problems. Findings from this study, while not 
purporting a major influence on attitude, do suggest that the use of cultural materials enabled 
the maintenance of positive attitudes of African American students. What this study did 
show, however, was that culturally responsive teaching and materials fostered already 
positive attitudes of African American students. Lester, Garafalo and Kroll (1989) studied 
confidence, interest and beliefs as influences on the mathematics behavior of students and 
46 
found that when students lack confidence, they are almost helpless in solving mathematical 
problems. They hypothesized that attitude is a dominant force in shaping students’ 
mathematical behavior. Confidence is developed when students approach the study of 
mathematics as a human activity, and can see the role of their culture in the development of 
mathematics, according to multicultural theorist. The use of African art materials in this 
study may have been a contributing factor that gave the African American students cultural 
ownership and indirectly promoted positives attitudes, motivation, and confidence, thereby 
influencing how they chose to participate in the class. As a result of the positive attitudes 
of the students fostered by the climate of the classroom, the students participated in the 
learning process with an improved quality of interaction and were less dependent on 
approval from the teacher and relied more on their own perceptions. These findings and 
other observations suggest that the use of African art helped to shape a culturally rich 
climate which affected in a positive way the achievement of African American students in 
geometry and helped to maintain a positive attitude towards geometry. 
Recommendations 
The following recommendations are presented according to practice, research and 
policy: 
1. Since we found gains are achieved by students who do geometry in culturally 
rich setting, similar research should be conducted in other mathematics 
courses such as algebra, calculus and statistics. 
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2. An ethnographic study might be a valid approach to the study of behaviors 
among African American students in a culturally rich environment. A 
descriptive data analyses rather than a statistical data analyses should be used 
to analyze the second hypothesis. 
3. Geometry teachers should conduct action research in classrooms to enhance 
practices and answer specific questions about their students. 
4. Geometry teachers should be given staff development training to improve 
students learning and to take risks to find and adopt new approaches to 
enhance teaching effectiveness. Ongoing training is needed to determine 
pedagogy appropriate to teaching a multicultural curriculum. To better 
integrate pedagogy and content aspects, extensive and varied opportunities 
for collaboration and growth are necessary. 
5. College-level courses which prepare mathematics teachers should show the 
interconnectedness of mathematics and culture and how people through 
history have created mathematics techniques to solve problems. 
6. The use of cultural resources mandate new strategies for assessment of 
student’s learning. These strategies should be broadened to reflect a range 
of tasks reflective of a cultural view of mathematics. 
7. Teachers should be guided to identify and develop appropriate culturally 
based materials to correlate with topics in mathematics. Schools should offer 
opportunities for teachers to experiment with new teaching ideas and develop 
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pedagogical skills; teaching and learning of pedagogy should be connected 
to classrooms and take in cultural dimensions of teaching and learning. 
8. School systems should adopt policies that require mathematics teachers to 
align cultural experiences to curriculum objectives and to implement these 
activities in the classroom. 
9. The schools should reflect the culture of the school population by creating 




FIRST SEMESTER TEST Form B Page 1 
Circle the letter of the best response. 
1. Two points 3. 
a. determine exactly one plane 
b. determine exactly one line 
c. are always noncoplanar 
d. are never collinear 
2. The vertex of Z1 is 3. 
K 
M T R 
a. M 
c. T 





4. 2,500 cm = 3 m 
a. 25,000 
c. 25 
5. A pencil is about 20 3 long. 
a. mm b. km 
c. m d. cm 
6. An angle with measure 162° is 3. 
a. acute b. right 
c. obtuse d. straight 








8. mZADC = 86° A 
mZBDC = 27° 
mZADB = 3 
D 
a. 59° b. 51° c. 113° d. 69° 
9. The measure of a supplement of a 
35° angle is 3. 
a. 145° b. 35° c. 180° d. 55° 
10. The angle that forms a pair of vertical 





11. A triangle with at least two congruent sides 
is 3. 
a. scalene b. isosceles 
c. right d. equilateral 
12. The figure is 3. 
a. a concave polygon 
b. a convex polygon 
c. a pentagonal prism 
d. not a polygon 
13. The number of diagonals with endpoint C 
is 3. 
a. 5 b. 4 c. 3 d. 2 
1 . A parallelogram with four congruent sides 
is a 3. 
a. rhombus b. rectangle 
c. trapezoid d. square 
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FIRST SEMESTER TEST 
Use the figures below for Exercises 15 and 16. 
A 5 2 B 5 
15. The figure showing a rotation is H. 
a. A b. B c. C d. D 
16. The figure showing a translation is B. 
a. A b. B c. C d. D 
17. Two consecutive reflections over 
intersecting lines result in an image 
equivalent to a B image. 
a. translation b. symmetric 
c. reflection d. rotation 
18. The figures with correctly indicated lines 
of symmetry are B. 
a. A and C b. A, B, and C 
c. B and C d. A and D 
19. If quadrilateral RKLT s quadrilateral 
BFHJ, then ES = JB 
a. TR b. If c. KR d. LK 
20. The congruent angles in the figure are B. 
N 
a. ZM and ZN b. ZM and ZP 
c. ZN and ZP d. ZM, ZN, and ZP 
Form B Page 2 
21. A perpendicular segment from a vertex 
of a triangle to the line containing the 
opposite side is BL 
a. a median b. an altitude 
c. a bisector d. a centroid 
22. The three angle bisectors of a triangle 
are B. 
a. collinear 
b. mutually perpendicular 
c. medians 
d. concurrent 
23. The lengths that can be the lengths of 
the sides of 4 triangle are fl. 
A 4 cm, 5 cm, 6 cm 
B 1 cm, 2 cm, 3 cm 
C 2 cm, 29 cm, 30 cm 
a. A, B, and C b. A and B 
c. A and  d. B and C 




d. KL and LM 
In Exercises 25 and 26, choose the postulate 
or theorem that proves the triangles are 
congruent 
a. ASA b. AAS c. SAS d. HL 
26. 
a. SAS b. HL c. ASA d. SSS 
M 
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FIRST SEMESTER TEST Form B Page 3 
27. The additional congruence you need to 
know in order to prove A ABE = A DBC 
by SAS is 3. 
£ 
a. AE = CD b. ZA = ZD 
C. ÂB =DB A.CB =EB 
28. Given: K is the midpoint of TL. 
Conclusion? TR = RL. 
Reason:3 
a. CPCTC 
b. A segment 
is congruent 
to itself. 
c. MK ± 1L 
d. definition 
of midpoint 
29. Given: A ABC = ADEC. 




b. C is a 
midpoint. 
c. SSS 
d. Vertical Angle 
Theorem 
a. 138° b. 6° c. 52° d. 
32. mZl = 9 
34. The sum of the measures of the interior 
angles of a polygon with seven sides 
is 9. 
a. 900° b. 1,260° 
c. 1,800° d. 360° 
35. In uRSTW, mZR = 71°. 
mZS = 9. 
a. 109° b. 19° c. 71° d 
36. ABCD is a parallelogram. 
~BC = 9 
30. The angle that forms a pair of alternate 









a. AC b. AB C. AD d. DC 
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FIRST SEMESTER TEST Form B Page 4 
37. ABCD is a rhombus. 
mZADE m □ 
38. PQRS is a trapezoid. 
TU = B 
d. 59° 
a. 50 b. 12 c. 24 d. 25 
39. Which are properties of a rectangle? 
I. The diagonals are congruent. 
H. Each diagonal bisects a pair of 
opposite angles. 
m. It has four congruent sides. 
TV. It has four right angles. 
a. I and IV b. I, H, HI, and IV 
c. II and IV d. I, H, and IV 
40. The perimeter of a rectangle with adjacent 
sides measuring 10 cm and 16 cm is ■. 
a. 26 cm b. 160 cm2 
c. 52 cm d. 13 cm 
41. WXYZ is a parallelogram. 
Area = El 
a. 60 cm2 b. 80 cm2 
c. 30 cm2 d. 36 cm2 




a. 88 m2 b. 56 m2 
c. 32 m2 d. 44 m2 
43. A (exa'-t'i = Q 
a. lôTtcm2 
b. 87t cm2 
c. 4jccm2 
d. 64TC cm2 
44. A triangle has area 150 in.2 and base length 
10 in. The height to the triangle is B. 
a. 1,500 in. b. 30 in. 
c. 15 in. d. 65 in. 
PROBLEM SOLVING 
45. To find the area of the shaded area, you 
would use the formula(s) I. 
L A = bh 
H. A = ~^bh 
m. A = -aP 
2 
a. I 
c. II and IH 
46. What is the next measure in the pattern 
120°, 90°, 72°, 60°, 51 ^ °, 45°,...? 
a. 15° b. 40° c. 381 ° d. 33° 
7 
b. I and II 
d. I and m 
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47. The y-coordinate of a point on the graph of 
4x + y = 18 is 2. The ^-coordinate of the 
point is ■. 
a. 4 b. 10 c. 5 d. 3 
48. The image of (5, 6) under the translation 
T: (x, y) (x - 3, y + 2) is B. 
a. (3, 7) b. (7, 3) 
c. (2, 8) d. (8, 2) 
49. The reflection image of (-4, 7) over the 
y-axis is ■. 
a. (7,-4) b. (4,-7) 
c.(4,7) d. (-4,-7) 
50. The image of (-1, 2) under a 90° CCW 
rotation about O is B. 
a. (2,-1) 





MATHEMATICS ATTITUDE SURVEY 
Please read the following statements about mathematics. Respond to the statements by 
using the rating scale to circle your feelings according to the given descriptors. If you 
strongly agree, circle A. If you agree with reservations, circle B. If you disagree with the 
idea, indicate the extent to which you disagree by circling D for disagree or circle E if 
you strongly disagree. But if you neither agree nor disagree, circle C for undecided. This 
is a survey of attitudes and there are no correct answers for these statements. 
SA = Strongly Agree; A = Agree; N = Neutral; D = Disagree; SD = Strongly 
Disagree 
A B C D E 
A B C D E 
A B C D E 
A B C D E 
A B C D E 
A B C D E 
A B C D E 
A B C D E 
A B C D E 
A B C D E 
A B C D E 
A B C D E 
A B C D E 
A B C D E 
A B C D E 
1. I seldom make good grades in math classes. 
2. Math has been my worst subject. 
3. 1 can usually work the hardest problems in the book. 
4. I plan to pursue a career that does not involve using 
mathematics at all. 
5. The challenge of math problems does not appeal to me. 
6. Mathematics is a worthwhile and necessary subject. 
7. Once I start to work on a math puzzle, I find it hard to stop. 
8. Tm not the type to do well in geometry. 
9. Generally I have felt secure about attempting mathematics. 
10. No one would come to me for help with a math problem. 
11. I don’t rely on just rules to help me leam problems. 
12. I seldom see how math fits together 
13. I have a lot of self-confidence when it comes to math. 
14. Iam sure that I can leam mathematics. 
15. It would make me happy to be recognized as an excellent 
student in mathematics. 
APPENDIX B (cont.) 
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A B C D E 16. I usually understand the material presented in class. 
A B C D E 17. My mathematics background is very weak. 
A B C D E 18. Being first in a mathematics competition would make me 
pleased. 
A B C D E 19. Iam logical enough to do well in geometry. 
A B C D E 20. Math is enjoyable and stimulating to me. 
APPENDIX C 
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LESSON PLAN I 
Objectives: 
Given a set of African textiles patterns, students explore vocabulary and basic concepts. 
Using the first three levels of van Hiele model to learn geometry, students will visualize, 
analyze, and make informal deductions. African textiles are used in this lesson plan to 
develop the basic definitions of points, lines, planes, space, and line and polygon 
properties. A textile display is used to show students how geometric ideas can be 
communicated. 
1 ) Recognize shapes and define properties 
2) Classify and describe organization of shapes and patterns 
3) Analyze the logic of a design mathematically 
4) Generalize that Africans used geometry in early art 
Materials: 
Textbook, teacher guide, overhead projector, African textile samples, student notebooks 
Procedure: 
Display the African textile patterns around the classroom. As a class opener show a 
video of ancient Egypt and its influence on art forms of contemporary African American 
artist. 
As a spatial relations activity engage students in identifying geometric ideas and concepts 
they observe in the textiles. 
Form groups, with directions to determine how the design may have evolved 
geometrically using a structured format. 
Guide the students’ discussion of their observations of the textile, and the role of 
geometric thought used to create the designs from basic definitions, shapes and 
properties and understanding the contribution of African history. 
Closure 
Students will write a descriptive of African art in geometric vocabulary; using color, 
texture, form, shape, order, design, etc. to analyze the African textiles. Students will 
include in this writing one concept about Africans’ artistic use of geometry. 
Cultural Meaning and Significance 
As students are involved in analyzing the logic of designs, they see the culture, the 
history and the academic aspects of the African textiles which will generate interest and 
excitement as geometric concepts are developed. 
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LESSON PLANS II 
Objectives 
Given a set of African textiles patterns students will explore possibility of forming other 
patterns or creating their own. Using all five levels of the van Hiele model to learn 
geometry, students will visualize, analysis, reach conclusions, informally then formally. 
The basic concepts of transformational geometry and congruence of angles and polygons 
will be studied in this lesson plan. 
1 ) Explore symmetrical and parallel polygonal groups 
2) Define congruence and similarity in relationships in patterns 
3) Analyze the transformation used to create the textile design 
Materials 
Textbook, teacher guide, overhead projector, African textile samples, student notebooks, 
grid paper, and colored pens and pencils 
Procedures 
To investigate geometric shapes and spaces and the symmetry and congruency of designs 
formed in the plane students choose one of the textile designs and lay tracing paper over 
the patterns to trace the basic design (underlying pattern), enlarge it on the grid, and 
discuss the geometric aspects of the textile pattern. Analyze the patterns to determine 
what basic grid is beneath the textile and determine what transformation was used to 
create the textile. 
Guided investigation to help discover properties: 
1 ) Identify the shapes being tessellated 
2 ) Investigate angle measures and polygons 
3) Observe similarities and differences in patterns 
4 ) Analyze stretch or shrink occurrences in patterns 
Closure 
Students are assigned to do a library search on the history of African fabrics and to 
collect samples of tessellations and other geometric tiling patterns in African textiles to 
use for a classroom display. 
Cultural Meaning and Significance 
Through this investigation of tessellating the African textile designs, the students enjoy a 
rich and multifaceted experience with geometric ideas in their culture and learn to 
critically think through every idea that comes to mind. 
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LESSON PLAN m 
Objectives 
Tiling tessellations can lead to interesting discoveries and patterns. Angles and polygon 
properties, symmetrical properties will be developed in this lesson plan. 
1 ) Use African textile patterns to form a tiling (tessellation) of the plane 
2) Develop skill in using the straightedge and protractor 
3) Determine the kinds of symmetrical motions used to create the patterns 
4) Analyze patterns using translations, reflections, rotations and dilations motions 
Materials 
Textbook, teacher guide, overhead projector, African textile samples, student notebooks, 
tessellation background grid, straightedge, compass, colored pencils 
Procedure 
Then using a mira, students will flip, turn, and rotate the mira to determine what 
transformation created the design. 
Guided investigation to discover properties. 
1 ) Identify the transformation that created the pattern 
2 ) Determine which patterns can be tiled and which cannot 
3) Use miras and patty paper to show reflectional, rotational and translational symmetry 
4) Use miras and patty paper to show congruent polygons and locate lines of symmetry 
Closure 
After examining the examples of tessellating geometric patterns in African fabrics, 
students will use tracing paper to create their own original African textile pattern by 
applying the transformational and symmetrical properties. 
Cultural Meanings and Signficance 
Students realize the rich geometric tradition in African societies that comes from fabric 
designs and the potential of these designs to be used to develop a cultural introduction to 
geometrical thinking through the activity of textile designing. The practical art of 
tessellating (tiling) goes back to many cultures all over the world, including the African 
culture. Students recognize that these intricate geometric designs in the African textiles 
contributed to the modem art of tessellating and tiling patterns in geometry. 
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LESSON PLAN IV 
Objectives 
The diverse textile patterns found in the Kente cloths are used to create a context for the 
discovery and demonstration of quadrilateral properties and related ideas and theorems. 
1 ) Learn and use vocabulary and properties of the quadrilateral family 
2) Measure angle 
3) Discover facts about diagonals of quadrilaterals 
4) Explore parallel and perpendicular lines and angles 
Materials 
Textbook, teacher guide, overhead projector, African textile samples, student notebooks, 
Procedure 
Using Kente cloths gives students a chance to manipulate and explore quadrilaterals and 
related properties of quadrilaterals. 
Guided investigation to discover properties 
1) Relate to students the history and significance of the Kente cloth 
2 ) Determine how many different ways to classify the different cloths 
classify the cloths by shapes, congruence, area, convexity and 
3 ) Make clear distinctions among various types of cloths 
4) Which cloths share a common property 
5 ) Find relationships among the cloths that justify a family 
6) Divide the patterns up among the groups so that students can investigate the cases, 
average the results, look for patterns and complete tables 
Closure 
Students represent different families based on the kind of motifs they own. Motifs are 
classified by the kind of quadrilaterals found in each pattern. Students move around the 
room to find their family members. Students must describe properties that relate them to 
their family members, i.e. pattern similarities and commonalities that would justify 
reasons for their solutions. 
Cultural Meanings and Significance 
African used geometry to incorporate both simple and complicated patterns in their 
textiles. Students should after this set of lessons realize that Africa helped to develop the 
mathematical science of geometry. 
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